Abstract •. Two experiments on same-different vowel discrimination are reported. In each the main variable was the duration of a silent delay between the two items being judged. As would be expected from the assumption that such judgments depend at least partly on auditory sensory memory, it was found that longer delays led to poorer discrimination than shorter delays. The auditory memory loss seems to be asymptotic at about three seconds, whether it is measured by correct discrimination or (as in one part of the second experiment) by the contextual influence of the first vowel on identification of the second.
INTRODUCTION
For all the work some of us have done on auditory sensory memory, we know very little about its time course. What evidence there is comes either from scattered reports using totally noncomparable methods or from experimental techniques that are not ideal for addressing the decay question. Still, moqt experts would probably agree that echoic memory does not remain available forever and that it decays slower than iconic memory. There have been two research programs that sought data relevant to the decay question, both using a form of masking to uncover properties of auditory memory: In Massaro's experiments related to this topic, for example (see Massaro, 1970) , a single tone selected from two possibilities is presented for a recognition response (high/low).
The phenomenon of interest is that an unrelated masking tone presented just after the test stimulus impairs correct responding in a way that depends on the interval between target and mask. If the mask is delayed by about 250 msec, the response is unimpaired, but more immediate masks reduce performance considerably. It is the damage done by the mask that has led Massaro to infer the existence of auditory memory from this demonstration. In the stimulus suffix effect, discovered by Dallett (1965) and elaborated by Crowder and Morton (1969) , the target memory trace is a hypothesized package of sound information about the last item in a memory-span *Also Journal of Experimental Psychology:
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type list. Performance on this last item is badly damaged by an extra word, the stimulus suffix, presented as if it were the next item in the list. The suffix can be semantically unrelated to the rest of the list and need not be recalled. Again, auditory storage is inferred from the vulnerability of the target (last memory item in the list) to masking from the suffix.
In both the recognition masking of tones and the stimulus suffix paradigms, increasing the interval between the target and the mask leads to improved performance, up to a point. Massaro (1970) found this improvement reached asymptote at around 250 msec, and Crowder (1969) found that a suffix delayed by more than about 2 seconds had no effect on performance. Both the;~e asymptotes were used as estimates of the duration of auditory memory (Crowder, 1969, page 261; Massaro, 1972, page 129) .
The reasoning was that masking would become ineffective when the target information in the sensory store had decayed. Although this claim by itself is quite true, it is invalid to conclude anything about decay from the time at which masking becomes no longer effective: When the mask is delayed, in these paradigms, the sensory trace might remain intact but meanwhile the subject has had the opportunity to encode the information in it; if the subject has been able to incorporate the information contained in the sensory trace to some more permanent format, then it makes no difference whether the mask does or does not destroy this information later. Watkins and Todres (1980;  see also Watkins & Watkins, 1980, Experiment 6) have recently reported several experiments on delayed suffixes. They offered evidence that the interval before a delayed suffix was indeed being used by subjects for readout of auditory information into some more permanent form of memory. They also confirmed Crowder's (1971, page 339 ) speculation that decay might be very much slower than originally conjectured by Crowder and Morton.l Watkins and Todres have correctly observed that whereas the absence of a suffix effect after some delay says nothing about whether the auditory trace survives that long, the presence of a suffix effect at some delay does suggest the survival of the trace for at least that long. They found that if they prevented subjects from engaging in readout of the target information during the delay (between target and suffix), an appreciable suffix effect was obtained after 20 seconds.
Although the suffix experiment may thus be forced to yield acceptablĩ nferences about minimal survival time of auditory memory, it is not ideal for this purpose. The portion of performance in the suffix experiment that is interesting for the analysis of auditory memory --relative performance on the last serial position --is superimposed on a background of highly complicated and strategy-prone short-term memory functions. For example, to demonstrate the 20-second-delayed suffix experiment, Watkins and Todres had to engage the subjects in a lively mental arithmetic task between the last memory item and the suffix item. We know that even so mundane a task as remembering a series of meaningless items in order engages several types of mechanisms --grouping, cumulative rehearsal, efforts at semantic coding, articulatory loops, and so on and many of these mechanisms are quite likely to interact with serial position. Accordingly, it would be a boon to be able to study auditory memory and its decay properties in the context of a simpler task. That is the purpose of the research reported in this paper. Pisoni (1973) has used a same-different speech discrimination task to study the decay of auditory memory (see also Repp, Healy, & Crowder, 1979 ; the background for these investigations is covered in Crowder, in press). In this task, the subject hears two speech sounds --perhaps vowels similar to the /i/ and /1/ in BEET and BIT. The two sounds are typically quite close to each other acoustically, so that perhaps they both sound like one or the other of these two phonetic segments. The subject must decide whether the two are identical physically or not. Especially in the case where both items sound like only one of the possible phonetic segments, the reasoning is that auditory memory must have some role in correct performance. Consider the subject receiving the second of the two items to be judged: If the second item has the same name (phonetic label) as the first, then the only way the subject can tell whether they are physically identical is by remembering the sound of the first until the second arrives. Pisoni (1973) set the delay between the two vowel stimuli at intervals from one-half to two seconds. He found that performance was poorer at the longer separations, as would be expected if the sound of the first item --its auditory memory trace --were decaying during the interval between stimuli. The logic of isolating sensory memory contributions through manipulation of delay in a successive discrimination task is not at all unconventional. Kinchla (1973) observes that such a task provides ..... a rather direct approach to "'sensory memory'" processes ..... In his experiment, subjects heard a compound tone and then, after a variable delay, had to make a fine intensity discrimination between a single probe tone and its corresponding element in the original compound; performance steadily decreased from compound-probe intervals of one-half to two seconds. Hanson (1977) found poorer performance in a "physical match" (same/different) task with interstimulus intervals of 570 msec than 250 msec, using stop-vowel CV syllables.
The present experiments were planned to test other intervals than those Pisoni used, in order to get an estimate of decay rate in auditory memory. This research cannot settle whether the auditory memory believed to support same-different speech discrimination is the same auditory memory that has been studied in the suffix experiments (Precategorical Acoustic Storage). That question needs a different kind of experiment. However, the same-different discrimination task is obviously a more direct and simple context in which to measure the auditory store and thus a useful context in which to ask about decay.
EXPERIMENT 1 Experiment 1 comprised two parts. In the first, there were 10 main conditions defined by 10 stimulus onset asynchronies separating the two items on each trial. These were set at 0, 200, 400, 600, 800, 1000, 1200, 1400, 1600, and 1800 msec. Since the vowels were 300 msec long, the first two of these conditions included physical overlap between the two items.
It developed that at least one of the overlap situations was sharply inferior to the longer stimulus onset asynchrony conditions and subjects complained that they were confusing. Thus, after testing 20 subjects in the original design, we eliminated the two shortest stimulus onset asynchrony conditions and continued for another 20 subjects.
Method
Stimuli. The stimulus items were three-formant, steady-state, synthetic vowels similar to tho~e used by Repp et al. (1979) . These stimuli spanned the continuum from the vowel Iii to III. The first formant center frequencies ranged from 269 to 397 Hz, the second from 2296 to 2030 Hz, and the third from 3019 to 2632 Hz, all in roughly logarithmic steps, for the continuum of eight. In this study, the fourth and fifth tokens were left out so as to enhance the contrast between within-and between-category decisions. The present set of vowels correspond to Stimuli 1, 2, 3, 6, 7, and 8 from Table 1 of Repp et al. (1979, page 139) .
The formant bandwidths were 63, 94, and 110 Hz, respectively.
The vowels were 300 msec long and were produced on the Haskins Laboratories OVElllc synthesizer. Overall amplitude rose sharply over the first 50 msec, then remained uniform until a symmetric fall over the last 50 msec. Fundamental frequency declined gradually from 125 to 80 Hz throughout the utterances.
A different test tape was prepared for each of the 10 stimulus onset asynchrony conditions. On each, there were 18 pairs of identical tokens (1-1, 2-2, and so on, each repeated three times) where the correct answer was SAME. The other 42 pairs on each tape contained 16 "one step" DIFFERENT trials (1-2, 2-1, 2-3 and so on), 8 "two step" pairs, and 18 more widely spaced DIFFERENT pairs contrasting the Iii items (1, 2, 3) with the III items (6, 7, and 8).
These 60 trial types were arranged on the tape in a different random order for each stimulus onset asynchrony.
Design and procedure. The subjects in Part One (10 different stimulus onset asynchrony conditions including 0 and 200 msec) received their tapes in an order determined by a balanced Latin square (complet.e control over firstorder sequential effects). The subjects in Part Two followed the same Latin square design but the tapes with 0 and 200 msec stimulus onset asynchrony were simply deleted; thus they had 120 fewer trials than the first squad of subjects. Instructions were explicit about the experimental design and stressed that the criterion for a "same" response was to be exact physical identity.
------Following each trial, there was a five second pause before the next trial.
There were no warning sounds to mark trials or response periods. The subjects had a numbered answer sheet with the letters~and~, which they were supposed to circle, indicating their response for that trial. A practice tape consisting of 6 sample trials was presented after the instructions.
Subjects. The subjects were 40 college-age adults from the New Haven area, some Yale students serving as part of a course requirement and some volunteering to serve for pay.
Results and Discussion
The mean overall proportions correct for the two parts of Experiment 1 (SAME and DIFFERENT trials combined) are shown in the first two rows of Table  1 as a function of stimulus onset asynchrony.
For this analysis, the two kinds of trials were not weighted (see the d' analysis, below). Two things are quite clear from inspection: There is some loss in discrimination as a function of delay, as we would expect from the Pisoni (1973) result. Secondly, the function is far from asymptotic over the range studied here.
Analysis of variance on these data confirmed the reliability of the basic delay effect. For this analysis the two parts were combined and only the data from stimulus onset asynchronies 400-1800 were included. To have included the O-msec delay would have produced a misleadingly high F ratio because this condition was so extraordinarily poor relative to the-others.
For the combined data, the delay effect was highly significant statistically, F (7,273) = 5.88, MSe = 7.90,~<.001.
It can be objected that these data may be influenced to some unknown degree by changes in response criteria for judging two items physically identical, across the different delay conditions. Such arguments (see Macmillan, Kaplan, & Creelman, 1977) Macmillan, & Creelman, 1978) . The task is conceived as one where the subject is set to "detect sameness" and one uses as false alarms the proportion of SAME responses when the two items were in fact different. Th) data relevant to this analysis are shown in the second two rows of Table 1 . The conclusions of the conventional analyses are completely sustained by this unbiased analysis of sensitivity. Analysis of variance based on the 10 supersubjects from both parts of the experiment on the conditions in common (stimulus onset asynchrony 400 through 1800 msec) confirmed the reliability of the delay effect, F (7,63) = 3.92, MSe = .162, p < .05. Thus, no changing criterion for "sameness" across different stimulus onset asynchrony values can be held responsible for the declining performance observed here. Note that althougn the bias is not changing over intervals in a way that produces the decay effect, there is an overall strong bias in responding: This is indicated by the large d' values and the relatively low (about 70%) rates of correct responding. The overall probability of saying SAME when the two stimuli were identical was very high, .919, and the corresponding rate of false alarms, SAME given different, was .378. This same bias was observed in the second experiment. To repeat, the important consideration is that a changing bias cannot account for the result of interest here.
Although the majority of trials in this experiment contained, by design, items from the same phonetic category, there were enough between-category pairs to inspect for a difference between the size of the decay effect in between-and within-category trials. This was done using stimulus pairs as the sampling variable. For each of the 12 within-category pairs where the correct response was "different," the number of errors made by all subjects on stimulus onset asynchronies 400-1000 and 1200-1800 was tallied separately. The reliability of the decay effect for the within-category data was verified by a paired t-test, t (11) = 2.83, p < .01. The same was done for the 18 between-category pairs and again the decay effect was reliable, t (17) = 6.43, p < .005. Going by the size of the t values, one might suppose the effect was larger for the between-category pairs and indeed the raw differences between the short-and long-delay conditions were significantly larger for the between-category pairs than for the within-category pairs, t (28) = 3.00, p < .005. However, the between-category pairs all spanned a-larger physical distance than the within-category pairs and so there were many fewer errors in to be that delay does not have a larger effect on within-category pairs than on between-category pairs. This was the outcome of the Pisoni (1973) and Repp et ale (1979) studies, too.
The component of performance in discrimination auditory memory has quite plainly not reached interval tested in Experiment 1. The main purpose expand the range of intervals tested.
EXPERIMENT 2 that can be assigned to asymptote by the longest of Experiment 2 was to The stimulus onset asynchrony values used in this second study were 500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, and 5000 msec. In most other respects the experiment was similar to Experiment 1 except for one additional feature: Experiment 2 also included a complete run through the materials for each subject in which identification, rather than discrimination, was measured. Repp et ale (1979) had found that the items within a pair exerted roughly symmetrical, contrastive effects on labeling. That is, they observed that when members of a pair were being labeled phonetically as Ii, I, or t/, the identity of the other pair member influenced the item being labeled. The effect was contrastive, which means that if an ambiguous vowel between /i/ and /1/ were presented, hearing it in the context of an unambiguous /i/ made it sound more like /1/.
That the effect was symmetrical means that the first item in the pair influenced the second about as much as the other way around. Repp et ale suggested that these context effects on phonetic labeling were produced by mechanisms within auditory memory because in conditions where auditory memory was removed by delay or by masking, little contextual influence was found.
By analogy, the contrastive effects on phonetic labeling can be compared with visual brightness contrast: A given shade of gray appears brighter if it occurs in the context of a dark background than if it appears in a light background.
For any successive contrast to work, it might be suggested that the two items would have to reside together in memory. If so, then we can understand why Repp et ale found less contrast when they compromised the auditory storage of items during the interstimu1us interval. It follows that contrast effects could be used as an independent measure of the duration of auditory memory.
A word should be added about what causes contrastive context effects: The generalization of importance is that one vowel affects the label applied to another provided they are different and provided they occupy auditory memory together.
In recent publications (Crowder, 1978, in press ) I have begun to advance a theory that covers these findings. The central assumption relevant to context effects (Crowder, in press ) is that auditory-memory representations interact by frequency-specific inhibition of each other. That is, if auditory memory representations of two items occur close together in time, and on the same channel, they will tend to inhibit each other and this inhibition will be greatest in spectral regions where they contain overlapping energy.
If two vowels are similar except for the placement of one or two formants, this frequency-specific inhibition will produce contrast: The formants associated with the vowels used here have very considerable overlap relative to their center frequency differences. This means that two vowels' formants will have an area of intersection and also each will have an area not in commom with the other. If inhibition between them is frequency specific, the intersection in the vowels' formants will suffer the most, leaving the non-intersecting formant area in each vowel relatively intact.
Since the non-intersecting regions were what made the two vowels distinctive in the first place, eliminating the region in common will enhance their distinctiveness mutually, and will lead to contrastive identification.
See Crowder (in press) for further explanation. This interpretation is consistent with a theory that applies equally well to the suffix and vowel-discrimination tasks and covers essentially all known evidence on the suffix effect (Crowder, 1978) .
Method
Stimuli. A different set of vowels was used in Experiment 2. This was primarily in order to increase the generality of the research program. The 13-item continuum used in this study crossed the vowel space in such a path as to include approximate prototypes of /Q/, /A/, and /ar/, which correspond to the vowel sounds in COT, CUT, and CAT, respectively. To achieve this, the formant frequencies shown in Table 2 were set on the OVEIllc synthesizer. Included in Table 2 are the overall identification data when each of the thirteen tokens was presented with itself that is, on SAME trials --collapsed over inter-item delays. These data show that the subjects were quite willing to accept this as a three-vowel continuum. In other respects, the stimulus items were similar to those of Experiment 1.
Each test tape contained 34 pairs, of which 13 were SAME trials (1-1, 2-2, ••. ,13-13), 11 were two-step DIFFERENT trials (1-3, 2-4, ..• ,11-13), and 10 were three-step DIFFERENT trials (1-4, 2-5, ••• ,10-13).
It was arbitrarily decided to use only DIFFERENT trials that ascended in terms of the numbering of Table 2 (that is 1-4, but not 4-1). These 34 pair types were randomly ordered 10 times and placed on tapes otherwise differing only in the stimulus onset asynchrony --500, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 msec. The interval between trials was 4 seconds.
Design and procedure. Every subject went through the 10 tapes twice, first in an identification experiment and second in a same/different discrimination experiment. In the former, they were instructed to listen carefully to the second stimulus in each pair and to identify it by circling one of the words (COT, CUT, or CAT) on a numbered answer blank.
It was expected that the first item in each pair would provide a contextual influence on this labeling, to the extent the two items occupied auditory memory together.
The 10 tapes were presented in a balanced Latin square order.
In the second part of the experiment, the same 10 tapes were presented to each subject in the reverse order to that used in the first part. Here, the instructions were to make a same/different judgment for each pair based on the same criteria explained in the previous experiment. Again, a practice tape 
-----------------------------------------------------------------
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Subjects. The subjects were 40 young adults from the same source as in Experiment 1.
Results and Discussion: Discrimination
The discrimination results are given in Figure 1 , which shows the overall proportion of correct same/different judgments as a function of stimulus onset asynchrony. As in the first experiment, performance began to drop sharply between one and two seconds. However, the figure shows little change after three seconds, suggesting that auditory memory --to the extent it represents a decaying source of information for same/different responding --has been lost by three seconds.
The same picture is provided by the d' analysis shown in Figure 2 . If anything the results are cleaner when corrected this way for possible criterion artifacts. Statistical analysis confirmed the reliability of the findings in Figures 1 and 2 . Separate analyses of the untransformed error types "same" on DIFFERENT trials and "different" on SAME trials showed that each component of the pooled errors in Figure 1 was statistically significant, F's (9,351) = 4.82 and 6.49, respectively, (MSe's = 4282.1, 1860.1), p' s < OOOI Analysis of variance on d's again used supersubjects of-four individuals each. There were 10 of these supersubjects and the d' variance associated with stimulus onset asynchrony was highly significant, F (9,81) = 7.55, MSe = 2163.74, £ < .001. As in Experiment 1, there was no evidence that the delay was more potent for the within-than for the between-category pairs: In this study, the identification results provided only five pairs that could convincingly be called within-category (1-3, 1-4, 2-4, 7-9, and 11-13 --see Table 2 ). One of these showed reduced errors from the short-to the longinterval conditions while the other four showed increased errors. The between-category pairs showed reliable and consistent delay effects, however, t (15) 3.78, £ < .005. As before, the auditory component was not by any means restricted to the cases where items betng discriminated match in phonetic category.
Performance remained quite good even after the component being attributed here to auditory memory had decayed to asymptote. However, not too much importance should be attached to the specific levels of correct responding. These reflect, among other things, the mixture of easy, three-step discriminations (where performance ranged from .875 to .825) and the more difficult two-step discriminations (.670 to .580). Furthermore, there was a strong bias for responding same, as is evident in the correct "same" responses on trials where the two items were identical, where hits ranged from .960 in the 500-msec stimulus onset asynchrony condition to .875 in the 4000-msec condition.
Corresponding "same" responses on DIFFERENT trials ranged from .235 in the SOO-msec condition to .312 in the 3000-msec condition. The mean proportions in Figure 1 thus represent none of the exact performance levels obtained. The important thing of course is the regularity of the data and not absolute levels of accuracy.
Correct performance was also influenced by the particular items being discriminated along the continuum from 10./, IAI, through liel. shows the proportion correct overall for each of the SAME and DIFFERENT pairs used in the experiment. Quite clearly, the I~/-end of the continuum was easier than the la I-end. These differences reflect no doubt the spacing of tokens shown in Table 2 . However, the important question is whether the main decay results were general across these stimuli, which differed widely otherwise in discrimination difficulty. The answer is reassuring: Among the 13 types of SAME trials (1-1, 2-2, and so on) performance at the shortest interval was better than performance at the longest interval in ten cases, with one tie and two reversals,~= .019 by a sign test. Among the 21 DIFFERENT trial types, there were 17 pairs showing the same difference, with one tie and three reversals,~= .006 by a sign test.
-------------------------------------------------------------------
Thus the extreme variability in pair difficulty is another reason for skepticism about the absolute values of the means shown in Figures 1 and 2 but it does not discount the generality of the time profile shown there.
One might very well wonder whether the group asymptote of 3000 msecs is representative of the performance of many individual subjects. The analyses of variance reported here insures that the decay effect generalized across variability due to subjects and evidence has been presented, above, for such generality across items.
But the generality of the asymptote requires stronger arguments.
There are not enough data for each subject to calculate individual regressions of performance on delay. However, the d' values for the ten supersubjects could be inspected across the ten delays for that purpose. As a rough estimate of where these ten functions reached asymptote, the interval with the lowest d' was determined. For one supersubject, this minimum was at 500 msec stimulus onset asynchrony, for another, it was at 5000, and for two each of the remaining eight, it fell at 3000, 3500, 4000, and 4500 msec. This near rectangular distribution of the minima is consistent with the generalization that performance does not change after 3000 msec.
Results and Discussion: Identification
The identification results from SAME trials have already been displayed in Table 2 . These data are collapsed over stimulus onset asynchrony but, as will be seen presently, stimulus onset asynchrony did not matter for the SAME trials.
The identification data of Table 2 show there were two boundaries --that between lal and 11\1 falling between stimuli 6 and 7 and the one between I A I and l;el falling between stimuli 9 and 10. The question is now whether these boundaries shifted when subjects were identifying the exact same tokens but in the context of a prior item from "higher up" on the numbered continuum of Table 2 (recall that the prior context always came from this direction). To replicate the Repp et al. finding of contrast, the present results would have to show that a given token sounded as though it came from "lower down" on the continuum if it occurred on a DIFFERENT trial than if it came on a S~ME trial. In terms of boundary locations, this means the boundaries would shift to the opposite direction --to a smaller numerical value.
The data relevant to this point are shown in Figure 3 , which gives a summary of context effects. Here, the data of Table 2 on identification are broken down into the different stimulus onset asynchrony conditions --grouped by two's for stability.
Boundaries were estimated by linear regression on stimuli 3-8 for the 10.. I-I AI transition and on stimuli 8-12 for the 11\ I-/;;el 210 transition. 4 The two boundaries associated with the three phonetic segments are collapsed in such a way that the numerical boundary measures on the vertical axis show the mean stimulus number of the two boundaries. Figure 3 shows clearly that for SAME trials, the stimulus onset asynchrony made no difference.
However, on DIFFERENT trials, boundary locations shifted in the expected direction --toward lower numerical values when there had been a recent context item. If the SOA was longer than three seconds, it was as if there had been no context at all, but at shorter intervals, context changed the labels applied to the second member of the pair. The convergence of phonetic labeling on SAME and DIFFERENT trials at three seconds is consistent with the suggestion that contrast operates when the two items in question occupy auditory memory together.
The particular time interval at which these data converge is in approximate agreement with the estimate of asymptotic decay that was based on discrimination, reported above.
Statistical analyses confirmed the reliability of the picture presented in Figure 3 .
For the short stimulus onset asynchronies combined (500 msec through 3nd including 2500 msec), 26 out of 37 nontied subjects placed stimuli 6 and 9 farther down the numbered continuum on DIFFERENT trials than on SAME trials, p = .01. The context effect was surprisingly general across stimuli as well-as across subjects: For the short and long intervals, as defined above, each of the 11 stimuli labeled in a DIFFERENT context (numbers 3, 4, ••. ,13) was given a mean "placement score" along the continuum. This placement was simply a weighted average of the three phonetic labels assigned by subjects.6 The same placement score was available from the SAME trials.
The question was whether a given stimulus item would receive lower (that is, farther down the list) placement on the DIFFERENT trials than on the SAME trials. At the short intervals, this was the result for 9 of the 11 items, £ .033. Furthermore, 10 of the 11 items also showed the full pattern of Figure 3 --a bigger directional difference between SAME and DIFFERENT trials at the short than at the long intervals, p = .006. Thus, the contrastive context effects on labeling generalize both across subjects and across individual vowel tokens.
It is somewhat surprising that the context effects proved so consistent across stimuli. One would have expected primarily the ambiguous items to show influence of context. Therefore, further analyses were undertaken to examine the relation between the degree of the context effect and the position of a stimulus on the continuum. For this purpose, only the short (500 to 2500 msec) stimulus onset asynchrony data were used. For each of the 11 stimuli that were labeled on DIFFERENT trials, two placement scores were compared, one on SAME trials and one on DIFFERENT trials. A positive difference means the vowel in question showed different phonetic labeling, in the predicted direction, when it followed another vowel from the continuum. These differences in placement are shown in Figure 4 in arbitrary numbers that reflect the calculation of placement scores. The figure makes obvious that, although all but two items showed a "positive" context effect, as reported above, the size of that context effect was related in an interpretable fashion 
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Boundary Boundary
on SAME on SAME Stimulus number Figure 4 . The relation between stimulus number and the size of context effects on labeling. A high positive score means a particular vowel was labeled as coming from farther away from its prior context vowel than it would have been if that prior context had been the same vowel itself.
The arrows show combined category boundaries for SAME trials.
to the category boundaries derived from SAME trials. There were two peaks in the contextual influence and they coincide closely with the two category boundaries. In other words, as one might expect, it was the ambiguous items that were most susceptible to context.
GENERAL DISCUSSION
The main goal of these studies was to provide parametric data on the decay of auditory sensory memory. The results give a consistent estimate that this decay is asymptotic at close to three seconds, for the successive discrimination task used here. The phonetic labeling data of Figure 3 show another manifestation of auditory memory context influence on identification --and this influence disappears at just the same time.
Experiments using related techniques to investigate memory for tones (for example, Harris, 1952; Moss, Myers, & Filmore, 1970) do not necessarily converge on the same estimate; however, there are typically not enough intervals studied in these experiments to establish an asymptote, and, even if there were, the stimuli and tasks are different enough to discourage comparison.
On the other hand, the estimate of three seconds is close to the value suggested by Crowder and Morton (1969) , even though that estimate was only a shot in the dark.
Although the high performance levels in these experiments demonstrate that other factors besides transient auditory memory support performance in this task setting, it is a relatively uncomplicated task compared to the suffix experiment.
If further research suggests that the successive vowel discrimination task used here taps the same auditory memory store that has been so extensively studied in the suffix experiment, it may be advisable to focus on the former rather than the latter in future work because it is so much more direct a method. Perhaps the least encouraging evidence on this point is the finding of Watkins and Todres (1980) and of that suffix-like effects occur following filled delays of up to 20 seconds. It will be for further research to clarify what are the boundary conditions on this delayed suffix effect and to establish whether it has the same functional properties as the immediate suffix effect, such as sensitivity to phonetic class and to physical source channel.
The most intuitively plausible model for how auditory memory is used in speech discrimination is that subjects try first to make a same/different decision based on phonetic labels and, only after that has failed, go on to consult auditory memory. The rule is "If the two sounds have different names, say 'different,' otherwise compare the sounds themselves." This model (see Crowder, in press, and Pisoni, 1973 , for details) is apparently wrong. It anticipates that effects owing to auditory memory would be stronger in the within-category discriminations than in the between-category discriminations. Neither the present studies, the results of Pisoni (1973) , nor those of Repp et al. (1979) gave evidence for the predicted interaction.
Perhaps subjects adopt some private categorical discrimination that does not match the conventional phonetic categories but nonetheless serves a similar role in performance on the within-category pairs. After listening to the items in the stimulus ensemble for some time, subjects might very well compare the two sounds.
In that case, with "functional constructed for the nominal within-category pairs, it would surprising that there was about the same auditory influence in the between-category judgments.
categories" not be so within-and Does the three-second estimate from this research suggest any functional role for auditory memory outside the narrow task confines of this procedure? Of course, there are now only the most preliminary efforts to connect laws of information processing to real-time language processing. However, Stevens (1978, page 14) has noted the relationship between sentence-length utterances and breathing. He observes a close relation between syntactic structures and the pauses introduced by a speaker for the inspiration of breath. As Stevens notes, exigencies of breathing limit sentences, or other major syntactic structures, to a length of not more than two or three seconds.
Thus, the three-second figure is of some linguistic interest in a way that could be related to speech production or comprehension. But this comment is no more than suggestive: For one thing, the echoic decay estimate comes from a situation where the trace is held in complete silence whereas the two-to three-second limit associated with the breath group is typically filled with speech.
FOOTNOTES lOur statement (Crowder & Morton, 1969, page 366) was that a store lasting at least on the order of a "few seconds" would be adequate for the functional role we had proposed for auditory memory.
2 Sorkin (1962) has shown why a straightforward application of standard d' tables to the same/different situation is inappropriate. 3 For purposes of getting d' values, subjects were combined into "supersubjects" of n=4 because many individual hit rates were close to or at 1.00. The mean data look essentially the same whether overall hit and false alarm rates are taken before calculation of d' or these rates are calculated for each supersubject. For the purpose of statistical tests on d' values, however, it is convenient to set up the supersubjects first. 4 A check on the data of Table 2 will verify that performance on labeling within these ranges was unambiguously linear for the group data.
5These two stimuli, 6 and 9, were chosen because they represent performance from items just prior to the two respective boundaries on the identification test and therefore should represent ambiguous stimuli, especially subject to context effects. 6Specifically the three identification responses /~, A,~/ were assigned the numbers i, 2, and 3, respectively. The total response to a stimulus for a given subject could then be characterized as an average of the numbers assigned to it. These averages were then compressed to a range from .33 to LOO for analysis.
